Development of a short-term inhalation bioassay to assess pulmonary toxicity of inhaled particles: comparisons of pulmonary responses to carbonyl iron and silica.
This paper describes a short-term inhalation bioassay for evaluating the lung toxicity of inhaled particulate materials. To validate the method, rats were exposed for 6 hr or 3 days to various concentrations of either aerosolized alpha-quartz silica or carbonyl iron particles. Cells and fluids from groups of sham- and dust-exposed animals were recovered by bronchoalveolar lavage (BAL). Alkaline phosphatase, lactate dehydrogenase (LDH), and protein values were measured in BAL fluids at several time points postexposure. Cells were identified, counted, and evaluated for viability. Pulmonary macrophages (PM) were cultured and studied for morphology, chemotaxis, and phagocytosis by scanning electron microscopy. The lungs of additional exposed animals were processed for histopathology and transmission electron microscopy. Brief exposures to silica elicited a sustained granulocytic inflammatory response (primarily neutrophils) with concomitant increases in alkaline phosphatase, LDH, and protein in the lavage fluids (p less than 0.05). In addition, PM functional capacity was depressed (p less than 0.05) and histopathologic lesions were observed within 1 month after exposure. In contrast, 6-hr or 3-day exposures to CI produced no cellular, cytotoxic, or alveolar/capillary membrane permeability changes at any time postexposure. PM function was either enhanced or unchanged from controls. These data demonstrate that short-term, high-dose inhalation exposures of silica produce effects similar to those previously observed using intratracheal instillation or chronic inhalation models, and lend support to this method as a reliable short-term bioassay for evaluating the pulmonary toxicity and mechanisms associated with exposures to new and untested materials.